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(54) GaN film having a reduced threading dislocations density and fabrication method thereof 



(57) A semiconductor thin film of e.g. G or N includes 
an underlying semiconductor layer (2) in which a plural- 
ity of facets (1 ) are arranged, and a selectively grown/ 
buried semiconductor layer (3) formed to cover the un- 
derlying semiconductor layer (2), wherein the facets (1) 
are formed by planes tilted with respect to the disposi- 
tion plane of the underlying semiconductor layer (2). In 
this semiconductor thin film, th reading-dislocations (d) 
are formed in the selectively grown/buried semiconduc- 



tor layer (3) in such a manner that each of the threading- 
dislocations (d) bendingly extends from one of the facets 
(1) of the underlying semiconductor layer (2) in the di- 
rection substantially along the disposition plane of the 
underlying semiconductor layer (2), being joined to an- 
other of the threading-dislocations (d) bendingly extend- 
ing from the opposed one of the facets (1), and bend- 
ingly extends from the joined portion in the direction 
crossing the disposition plane of the underlying semi- 
conductor layer (2). 
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Description 

BACKGROUND OF THE INVENTION 

[0001 ] The present invention relates to a semiconduc- 
tor thin film made from a compound semiconductor typ- 
ically composed of a group III nitride, a semiconductor 
element using the semiconductor thin film, and a semi- 
conductor device using the semiconductor element, and 
fabrication methods thereof. 

[0002] In recent years, semiconductor light emitting 
devices, such as a semiconductor laser or a light emit- 
ting diode (LED), enabling light emission in a range from 
a visible light region to an ultraviolet light region by using 
group III nitride based compound semiconductors such 
as AIGalnN have been actively developed. In particular, 
in the optical recording field, a semiconductor laser ca- 
pable of emitting light in a short-wave length region has 
been required to be practically used for improving the 
recording density of optical disks or the like. 
[0003] Recently, an AIGalnN based semiconductor 
laser capable of realizing continuous oscillation for 300 
hr at room temperature has been reported in Jpn. J. Ap- 
pl. Phys. 35L74 (1996); and ditto 36L1059 (1997), in 
which a semiconductor layer made from a group III ni- 
tride based compound semiconductor is grown on a 
substrate made from sapphire via a buffer layer made 
from gallium nitride (GaN) by a metal organic chemical 
vapor deposition (MOCVD) method. 
[0004] The above-described semiconductor laser, 
however, has a problem. As is apparent from a curve 
showing a change in drive voltage applied to the semi- 
conductor laser with elapsed time, the drive voltage is 
gradually increased from the initial current-carrying pe- 
riod. This means that the voltage characteristic is grad- 
ually degraded with elapsed time. The degradation of 
the voltage characteristic may be dependent on the fact 
that the group III nitride based compound semiconduc- 
tor layer formed on the substrate has threading-disloca- 
tions (which are defects propagated to pass through the 
crystal) at a density ranging from about 1X10 8 /cm 2 to 
about 1X10 9 /cm 2 . 

[0005] Accordingly, to realize the practical life time of 
the semiconductor laser for 10,000 hr or more, it is re- 
quired to reduce the density of the threading-disloca- 
tions, and to meet such a requirement, various methods 
have been examined. 

[0006] One method has been proposed in Jpn. J. Ap- 
pl. Phys. 36 L899 (1997) and J. Appl. Phys. 71, 2638 
(1997), in which a GaN underlying layer is formed on a 
sapphire substrate via a buffer layer; a mask layer made 
from silicon dioxide (Si0 2 ) and having a periodical pat- 
tern of stripes (width; 1 to 4 jam) arranged with a pitch 
of 7 u.m is stacked on the GaN layer; and a GaN layer 
is grown on the mask layer selectively in the lateral di- 
rection by a halide vapor-deposition method or MOCVD 
method. In the case of adopting the method of growing 
the GaN semiconductor layer on the mask layer in the 



2 

lateral direction by selectively growing GaN from the un- 
derlying GaN layer exposed from openings between the 
periodical stripes of the mask layers, the density of 
threading-dislocations in the GaN layer on the Si0 2 

5 mask layer can be reduced to about 1x1 0 7 /cm 2 . 

[0007] As is reported in Journal of crystal Growth, vol. 
189-190 P. 820-5 (1998), an AIGalnN based semicon- 
ductor laser diodes formed on the semiconductor layer 
prepared by adopting the above method can realize the 

10 practical life time of 1 1 50 hr or more. 

[0008] Incidentally, with respect to the semiconductor 
layer formed by selective growth using the above-de- 
scribed mask layer, it has been revealed by the present 
inventors that a deviation in crystal orientation (c-axis), 

15 which is in the order of 0.4-0.5°, occurs between a por- 
tion of the semiconductor layer on the stripe of the mask 
layer and a portion of the semiconductor layer in the 
opening of the mask layer. 

[0009] If a semiconductor element is formed on the 
20 semiconductor layer having such a deviation in crystal 
orientation, an active region of the semiconductor ele- 
ment contains the deviation in crystal plane. As a result, 
various characteristics of the semiconductor element 
are degraded, and if the semiconductor element is con- 
25 figured as a semiconductor laser, light emission efficien- 
cy and life time are reduced. 

[0010] Problems encountered with the above-men- 
tioned conventional method will be more fully described 
herebelow. A substrate for growth of a GaN based sem- 

30 iconductor, which is made from sapphire or SiC as de- 
scribed above, is largely different from the GaN based 
semiconductor in lattice constant and thermal expan- 
sion coefficient, and consequently, if the GaN based 
semiconductor is directly grown on the substrate, de- 

35 fects such as dislocations occur in the growth layer, with 
a result that it is difficult to grow a high quality single 
crystal of the GaN based semiconductor epitaxial layer. 
[001 1 ] For this reason, as described above, an under- 
lying GaN layer containing high density threading-dislo- 

40 cations, which is formed on the sapphire substrate or 
SiC substrate via a buffer layer; a mask layer made from 
Si0 2 and being patterned into stripes arranged with a 
specific pitch is formed on the underlying GaN layer; and 
GaN is grown from the underlying GaN layer exposed 

45 through openings between the stripes of the mask layer 
selectively in the lateral direction, to thereby form the 
GaN semiconductor containing defects at a low density 
on the mask layer. However, as a result of analyzing the 
sample thus prepared by electron diffraction or X-ray dif- 

50 fraction, it was proved that a deviation in crystal orien- 
tation, which is in the order of 0.4-0.5°, occurs between 
a portion of the GaN semiconductor layer formed on the 
stripe of the mask layer and a portion of the GaN sem- 
iconductor layer formed in the opening of the mask layer. 

55 [0012] The reason why there occurs a deviation in 
crystal orientation (c-axis) is that upon lateral growth of 
GaN on the Si0 2 mask layer, there occurs a deviation 
in crystal growth direction between a portion on the 
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stripe of the mask layer and a portion in the opening of 
the mask layer. 

[001 3] Based on the structural analysis by the present 
inventors using transmission electron microscopy or X- 
ray diffraction method, it became that if the orientation 
of the stripes of the Si0 2 mask is set to the <11-20> di- 
rection and a deviation in the crystal growth direction 
occurs along the <11-20> direction, crystal defects are 
induced; but if the orientation of the stripes of the Si0 2 
mask is set to the <1-100> direction and a deviation in 
the crystal growth direction occurs along the <1-100> 
direction, crystal defects are not induced. In each case, 
however, there occurs a deviation in crystal growth ori- 
entation mainly depending on a difference in thermal ex- 
pansion coefficient between Si0 2 as the mask material 
and GaN. As a result, if the Si0 2 mask layer is not 
present in the lateral growth of GaN, it is possible to sup- 
press the deviation in crystal growth orientation. 
[001 4] However, since the Si0 2 mask layer is provid- 
ed for removing th reading-dislocations from the sub- 
strate side to the semiconductor layer, removal of the 
mask layer is incompatible with the purpose of reducing 
the defect density of the semiconductor layer. 

SUMMARY OF THE INVENTION 

[001 S] An object of the present invention is to provide 
a semiconductor thin film capable of reducing the den- 
sity of threading-dislocations and also suppressing oc- 
currence of a deviation in crystal orientation, a semicon- 
ductor element using the semiconductor thin film, and a 
semiconductor device using the semiconductor ele- 
ment. Another object of the present invention is to pro- 
vide methods of fabricating the above semiconductor 
thin film, semiconductor element, and semiconductor 
device. 

[0016] The present inventors have found that while in 
the lateral growth of a semiconductor, threading-dislo- 
cations are bent by growth facets generated accompa- 
nied by the growth, such bending of the threading-dis- 
locations can be performed not only by the above growth 
facets but also by facets artificially formed, and on the 
basis of the knowledge, the present inventors have ac- 
complished a semiconductor thin film capable of reduc- 
ing the density of the threading-dislocations at a specific 
region and also suppressing occurrence of a deviation 
in crystal orientation, and a semiconductor element us- 
ing the semiconductor thin film, and a semiconductor 
device using the semiconductor element, and fabrica- 
tion methods thereof. 

[001 7] According to a first aspect of the present inven- 
tion, there is provided a semiconductor thin film includ- 
ing an underlying semiconductor layer in which a plural- 
ity of facets are arranged, and a selectively grown/bur- 
ied semiconductor layer formed to cover the underlying 
semiconductor layer, wherein the facets of the underly- 
ing semiconductor layer are formed by planes tiled with 
respect to the disposition plane of the underlying semi- 



conductor layer. 

[0016] According to a second aspect of the present 
invention, there is provided a semiconductor element in- 
cluding a semiconductor thin film having an underlying 
5 semiconductor layer in which a plurality of facets are ar- 
ranged and a selectively grown/buried semiconductor 
layer formed to cover the underlying semiconductor lay- 
er, and a semiconductor element main body formed on 
the semiconductor thin film, that is, on the selectively 
w grown/buried semiconductor layer or on a semiconduc- 
tor layer formed thereon, wherein the facets are formed 
by planes tilted with respect to the disposition plane of 
the underlying semiconductor layer. 
[0019] According to a third aspect of the present in- 
vention, there is provided a semiconductor device in- 
cluding: a semiconductor element including a semicon- 
ductor thin film and a semiconductor element main body 
formed on the semiconductor thin film, the semiconduc- 
tor thin film having an underlying semiconductor layer 
in which a plurality of facets are arranged and a selec- 
tively grown/buried semiconductor layer formed to cover 
the underlying semiconductor layer; wherein the facets 
are formed by planes tilted with respect to the disposi- 
tion plane of the underlying semiconductor layer. Con- 
cretely, the semiconductor device of the present inven- 
tion may be a single semiconductor device using the 
semiconductor element or a semiconductor integrated 
circuit system using a plurality of the semiconductor el- 
ements. 

[0020] According to a fourth aspect of the present in- 
vention, there are provided methods of fabricating the 
above-described semiconductor thin film, semiconduc- 
tor element and semiconductor device, each method in- 
cluding the steps of forming an underlying semiconduc- 
tor layer on a substrate in such a manner that a plurality 
of facets are arranged in the underlying semiconductor 
layer, and growing a selectively grown/buried semicon- 
ductor layer in such a manner that the selectively grown/ 
buried semiconductor layer covers the underlying sem- 
iconductor layer, wherein the facets are formed by 
planes tilted with respect to the disposition plane of the 
underlying semiconductor layer. 

[0021] In accordance with one preferred embodiment 
of the fabrication method of the present invention, the 
facets of the underlying semiconductor layer are artifi- 
cially formed, and the selectively grown/buried semicon- 
ductor layer is epitaxially grown on the underlying sem- 
iconductor layer. 

[0022] In accordance with another preferred embodi- 
ment of the fabrication method, a mask is formed on a 
plane of the substrate on which the underlying semicon- 
ductor layer is to be formed: the underlying semiconduc- 
tor layer having the facets is formed by selective growth, 
so-called ELO (Epitaxy Laterally Overgrowth), and the 
mask is removed; and the selectively grown/buried sem- 
iconductor layer is epitaxially grown. 
[0023] As described above, according to the semicon- 
ductor thin film, the semiconductor element, and the 
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Fig. 6 is a schematic sectional view of a further em- 
bodiment of the semiconductor thin film of the 
present invention; 

Fig. 7 is a schematic sectional view of a further em- 
5 bodiment of the semiconductor thin film of the 
present invention; 

Fig. 8 is a schematic sectional view of a further em- 
bodiment of the semiconductor thin film of the 
present invention; 
io Figs. 9A to 9C are schematic sectional views show- 
ing fragments of a semiconductor thin film at 
processing steps of one embodiment of a method 
of fabricating a semiconductor thin film of the 
present invention; 
is Figs. 10A and 10B are schematic sectional views 
showing fragments of the semiconductor thin film at 
processing steps subsequent to those shown in 
Figs. 9A to 9C; 

Figs. 11 A to 11 C are schematic sectional views 
20 showing fragments of a semiconductor thin film at 
processing steps of another embodiment of a meth- 
od of fabricating a semiconductor thin film of the 
present invention; 

Figs. 12A and 12B are schematic sectional views 
25 showing fragments of the semiconductor thin film at 
processing steps subsequent to those shown in 
Figs. 11 A to 11C; 

Fig. 1 3 is a schematic sectional view of one embod- 
iment of a semiconductor light emitting element of 
30 the present inversion; and 

Fig. 1 4 is a schematic sectional view of another em- 
bodiment of the semiconductor light emitting ele- 
ment of the present invention. 

35 DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



5 

semiconductor device, and the fabrication methods 
thereof of the present invention, the selectively growth/ 
buried semiconductor layer is selectively grown from the 
facets, that is, tilting planes of the underlying semicon- 
ductor layer. With this configuration, th reading-disloca- 
tions are formed in the selectively grown/buried semi- 
conductor layer in such a manner that each of the 
threading-dislocations laterally extends, that is, bend- 
ingly extends from one of the facets of the underlying 
semiconductor layer in the direction substantially along 
the disposition plane of the underlying semiconductor 
layer, being joined to another of the threading-disloca- 
tions bendingly extending from the opposed one of the 
facets, and bendingly extends from the joined portion in 
the direction crossing the disposition plane of the under- 
lying semiconductor layer. Asa result, low defect density 
regions in which the threading-dislocations are little 
present can be formed at portions other than the above 
joined portions of the threading-dislocations in the se- 
lectively grown/buried semiconductor layer. 
[0024] Furthermore, according to the present inven- 
tion, since the configuration in which the mask made 
from Si0 2 or the like is buried is not adopted, it is pos- 
sible to avoid occurrence of the above-described devi- 
ation in crystal orientation (C-axis). 
[0025] According to the semiconductor element of the 
present invention and the semiconductor device using 
the semiconductor element,. since an active region (op- 
erational region) of the semiconductor element is 
formed on a low defect density region of the selectively 
grown/buried semiconductor layer or on a semiconduc- 
tor layer formed thereon, it is possible to enhance the 
characteristics of the semiconductor element. 
[0026] It should be noted that the facet of the present 
invention means not only a perfect tilting plane but also 
a plane which is somewhat curved partially or entirely 
and which has a principal plane tilted at a specific angle 
a. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0027] 

Fig. 1 is a schematic sectional view of one embod- 
iment of a semiconductor thin film of the present in- 
vention; 

Fig. 2 is a schematic sectional view of another em- 
bodiment of the semiconductor thin film of the 
present invention; 

Fig. 3 is a schematic sectional view of a further em- 
bodiment of the semiconductor thin film of the 
present invention; 

Fig. 4 is a schematic sectional view of a further em- 
bodiment of the semiconductor thin film of the 
present invention; 

Fig. 5 is a schematic sectional view of a further em- 
bodiment of the semiconductor thin film of the 
present invention; 



[0028] Hereinafter, embodiments of the present in- 
vention will be described with reference to the accom- 
panying drawings. 

[0029] Fig. 1 is a schematic sectional view of one em- 
bodiment of a semiconductor thin film of the present in- 
vention. The semiconductor thin film has an underlying 
semiconductor layer 2 in which a plurality of facets 1 are 
arranged, and a selectively grown/buried semiconduc- 
tor layer formed to cover the underlying semiconductor 
layer 2. The underlying semiconductor layer 2 is made 
from a compound semiconductor of a group III nitride 
type containing gallium (Ga) and nitride (N). The selec- 
tively grown/buried semiconductor layer is also made 
from a compound semiconductor of a group III nitride 
containing Ga and N. The facet 1 is formed by a plane 
tilted with respect to a disposition plane A of the under- 
lying semiconductor layer 2. 

[0030] Threading-dislocations "d", shown by fine lines 
in Fig. 1, in the selectively grown/buried semiconductor 
layer 3 are formed in such a manner that each of the 
threading-dislocations "d" bendingly extends from one 
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of the facets 1 of the underlying semiconductor layer 2 
in the direction substantially along the disposition plane 
of the underlying semiconductor layer 2, being joined to 
another of the threading-dislocations "d" bendingly ex- 
tending from the opposed one of the facets 1 , and bend- s 
ingly extends from the joined portion in the direction 
crossing the disposition plane of the underlying semi- 
conductor layer 2, more specifically, substantially in the 
vertical direction. 

[0031] As a result, in the selectively grown/buried io 
semiconductor layer 3 formed to cover the underlying 
semiconductor layer 2, high defect density regions 4 
having the threading-dislocations at a high density are 
formed at the joined portions of the threading-disloca- 
tions "d"; however, low defect density regions 5 in which '5 
threading-dislocations are little present are formed at 
the remaining portions. 

[0032] Fig. 2 is a schematic sectional view of another 
embodiment of the semiconductor thin film - of the 
present invention. A substrate 6 made from C-face sap- 20 
phire or SiC is first prepared. Subsequently, an under- 
lying semiconductor layer 2 in which facets 1 are ar- 
ranged is formed on one principal plane 6a of the sub- 
strate 6 via a buffer layer 7. 

[0033] Fig. 3 is a schematic sectional view of a further 25 
embodiment of the semiconductor thin film of the 
present invention. A substrate 6 made from C-face sap- 
phire or SiC is first prepared. Subsequently, an under- 
lying layer 12 is formed on one principal plane 6a of the 
substrate 6 via a buffer layer 7, and an underlying sem- 30 
iconductor layer 2 in which facets 1 are arranged is 
formed on the underlying layer 12. 
[0034] Fig. 4 is a schematic sectional view of still a 
further embodiment of the semiconductor thin film of the 
present invention. A substrate 6 made from a single 35 
crystal of a group III nitride is first prepared, and subse- 
quently an underlying semiconductor layer 2 made from 
a group Mi nitride in which facets 1 are arranged is di- 
rectly formed on one principal plane 6a of the substrate 
6. 40 
[0035] Figs. 5 to 8 are schematic sectional views of 
additional embodiments of the semiconductor thin film 
of the present invention. Each of the embodiments 
shown in Figs. 5 to 8 is configured such that a compound 
semiconductor layer 8 made from a group III nitride con- 45 
taining nitrogen (N) and at least one kind of group III 
element selected from a group consisting of gallium 
(Ga), aluminum (Al), boron (B) and indium (In) is epitax- 
ially grown on the selectively grown/buried semiconduc- 
tor layer 3 described in the associated one of the em- so 
bodiments shown in Figs. 1 to 4. In this case, the thread- 
ing-dislocations in the underlying selectively grown/bur- 
ied semiconductor layer 3 extend in the compound sem- 
iconductor layer 8, and high defect density regions 4 and 
low defect density regions 5 with no threading-disloca- 55 
tions are formed in the compound semiconductor layer 
8. 

[0036] One embodiment of a semiconductor element 



of the present invention is characterized in that at least 
an active region, that is, an operational region affected 
by crystal defects of the semiconductor element is 
formed in the low defect density region 5 of the selec- 
tively grown/buried semiconductor layer of each of the 
semiconductor thin films shown in Figs. 1 to 4. 
[0037] Another embodiment of the semiconductor el- 
ement of the present invention is characterized in that 
at least an active region, that is, an operational region 
affected by crystal defects of the semiconductor ele- 
ment is formed in the low defect density region 5 of the 
compound semiconductor layer 8 of each of the semi- 
conductor thin films shown in Figs. 5 to 8. 
[0038] It should be noted that in Figs. 2 to 8, parts cor- 
responding to those in Fig. 1 are designated by the same 
characters and the overlapped explanation thereof is 
omitted. 

[0039] With respect to the semiconductor thin film in 
each of the above embodiments, a deviation in crystal 
orientation, that is, a deviation in c-axis between the un- 
derlying semiconductor layer 2 and the selectively 
grown/buried semiconductor layer 3 or between the un- 
derlying semiconductor layer 2 and the compound sem- 
iconductor layer 8 expitaxially grown on the selectively 
grown/buried semiconductor layer 3 is set to be in a 
range of 0.1° or less. 

[0040] Next, one embodiment of a method of fabricat- 
ing a semiconductor thin film according to the present 
invention will be described with reference to Figs. 9A to 
9C and Figs. 1 0A and 1 0B. 

[0041] Referring to Fig. 9A, a substrate 6 made from 
a C-face sapphire is prepared, and a buffer layer 7 made 
from GaN is formed on one principal plane 6a of the C- 
face sapphire to a thickness of 30 nm by the MOCVD 
method. In the MOCVD method, a substrate tempera- 
ture is set at 520°C and trimethyl gallium gas 
((CH 3 ) 3 Ga)) and ammonia gas (NH 3 ) are used as a 
source gas. 

[0042] An underlying semiconductor layer 2 made 
from GaN is formed on the buffer layer 7 to a thickness 
of 2 u.m by the MOCVD method. In the MOCVD method, 
a substrate temperature is set at 1050°C, and the same 
source gas as that for forming the buffer layer 7 is used. 
It should be noted that threading-dislocations "d", sche- 
matically shown by fine lines in Fig. 9A, are present in 
the underlying semiconductor layer 2 at a high density 
of, for example, 1xl0 9 /cm 2 . 

[0043] Referring to Fig. 9B, a mask 9 is formed on the 
underlying semiconductor layer 2. The mask 9 is formed 
by forming a dielectric Si0 2 layer over the entire surface 
of the underlying semiconductor layer 2 at a substrate 
temperature of 450°C by a CVD method, and patterning 
the Si0 2 layer by photolithography and etching. To be 
more specific, the Si0 2 layer is coated with a photoresist 
layer, and the photoresist layer is subjected to exposure 
and development into a desired pattern having a plural- 
ity of stripes spaced at specific intervals. The Si0 2 layer 
is selectively etched using such a patterned photoresist 



9 



EP 1 005 068 A2 



10 



layer as a mask, to form the mask 9 having stripe- 
shaped openings 9w. In the mask 9, the stripes extend 
in the <1-100> direction (perpendicular to the paper 
plane in Fig. 9B) and arranged at the specific intervals 
in the <11-20> direction. 

[0044] The resultant substrate in which the mask 9 
has been formed on the underlying layer 2 is cleaned 
by acetone (CH 3 COCH 3 ) and methanol (CH 3 OH), being 
dipped in diluted hydrochloric acid (HCI) or diluted hy- 
drofluoric acid for 10 sec, and is cleaned by pure water. 
[0045] The interiors of the openings 9w of the mask 9 
are selectively etched by reactive ion etching (RIE). At 
this time, the stripe portions of the mask 9 composed of 
the Si0 2 layer is somewhat etched, with a result that as 
shown in Fig. 9C, the width of each opening 9w is wid- 
ened and simultaneously the underlying semiconductor 
layer 2 is partially etched, to form grooves 10 each hav- 
ing an approximately V-shaped cross-section. By con- 
tinuing the above etching, the grooves 1 0 become deep- 
er and wider, so that as shown in Fig. 10A, the mask 9 
is removed and the upper ends of the adjacent ones of 
the grooves 10 are joined to each other. As a result, 
stripes 11 each having a triangular cross-section are 
formed in such a manner as to be arranged in parallel 
to each other, and facets 1 oppositely tilted at a specific 
angle are formed on both side of each stripe 11 . The RIE 
used for forming the grooves 10 is performed by a par- 
allel plate type RIE system using BCI 3 and N 2 as a 
source gas under a condition with a power of 15 W and 
a pressure of 20 mTorr. 

[0046] By performing the RIE in the above condition, 
the facets 1 tilted at 45° with respect to the substrate 
plane, that is, to the underlying semiconductor 2, are 
formed on both side surfaces of each stripe 1 1 extending 
in the <1-100> direction. 

[0047] The resultant substrate 6 on which respective 
semiconductor layers have been stacked is sufficiently 
dipped in hydrofluoric acid (HF) to remove the Si0 2 film 
remaining on the surface, and is then cleaned by pure 
water. 

[0048] On the underlying semiconductor layer 2 thus 
cleaned in which facets 1 are arranged, high quality GaN 
is epitaxially grown by the MOCVD method. At this time, 
GaN is selectively grown from the facets 1 in the lateral 
direction or in the <1 1 -20> direction, that is, in the lateral 
direction along the disposition plane of the underlying 
semiconductor layer 2. By continuing the selective 
growth, the portions of GaN grown from the opposed 
facets 1 collide into each other, to bury the grooves 10, 
and by further continuing the selective growth, GaN is 
grown in the direction crossing the disposition plane of 
the underlying semiconductor layer 2, more specifically, 
substantially in the vertical direction with respect to the 
disposition plane of the underlying semiconductor layer 
2. As a result, a selectively grown/buried semiconductor 
layer 3 made from GaN and having a flat surface is 
formed to entirely cover the underlying semiconductor 
layer 2. 



[0049] In this MOCVD method used for forming the 
selectively grown/buried semiconductor layer 3, a sub- 
strate temperature is set at 1050° C, and ammonia gas 
and trimethyl gallium gas are used as a source gas. To 

5 be more specific, ammonia gas is allowed to flow at a 
flow rate being as slightly large as typically 10 l/min and 
trimethyl gallium gas is fed at such a flow rate that the 
film growth rate becomes about 4 um/hr. Under such a 
condition, both the gases are allowed to react with each 

10 other at atmospheric pressure. 

[0050] In this way, as shown in Fig. 1 0B, GaN is grown 
to perfectly bury the grooves 10, to form the selectively 
grown/buried semiconductor layer 3 having a flat sur- 
face. 

is [0051] The selectively grown/buried semiconductor 
layer 3 thus formed was observed by a transmission 
electron microscope. As a result, it was confirmed that 
dislocations u d M in the underlying semiconductor layer 2 
are bent at the facets 1 . Accordingly, at the stage of se- 
20 lective growth of GaN for forming the selectively grown/ 
buried semiconductor layer 3, until the portions of GaN 
grown from the opposed facets 1 collide with each other, 
the dislocations °d° passing through the underlying sem- 
iconductor layer 2 in the direction substantially perpen- 
ds dicular to the c-axis are bent at the facets 1 which are 
pseudo-facets artificially formed on the side surfaces of 
the grooves 1 0 by etching, and extend not in the vertical 
direction but in the horizontal direction substantially 
along the disposition plane of the underlying semicon- 
30 ductor layer 2, that is', along the principal plane of the 
substrate 6. 

[0052] When the portions of GaN grown from the op- 
posed facets I collide with each other, the threading-dis- 
locations "d" extending from the opposed facets 1 are 

35 joined to each other and are partially bent, and extend 
upwardly in the direction crossing the disposition plane 
of the underlying semiconductor layer 2, that is, in the 
stacked direction. As a result, the defect density in the 
selectively grown/buried semiconductor layer 3 is re- 

40 duced to 1x10 7 / cm 2 . 

[0053] Accordingly, in the selectively grown/buried 
semiconductor layer 3, high defect density regions 4 
having the threading-dislocations at a high density occur 
at the joined portions of the threading-dislocations; how- 

45 ever, low defect density regions 5 having the disloca- 
tions at a low density are formed at the remaining por- 
tions. 

[0054] Since the selectively grown/buried semicon- 
ductor layer 3 thus formed is in direct -contact with the 

50 underlying semiconductor layer 2 with any mask made 
from Si02 layer or the like for selective growth not put 
therebetween, a deviation in c-axis between the selec- 
tively grown/buried semiconductor layer 3 and the sub- 
strate 6 is in a range of 1 ° or less. 

55 [0055] According to the fabrication method in this em- 
bodiment, since the low defect density regions 5 having 
the dislocations at a low density are formed and the de- 
viation in crystal orientation is suppressed, a semicon- 
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ductor thin film 40 including the selectively grown/buried 
semiconductor layer 3 having an extremely high quality 
can be formed. Accordingly, by providing a semiconduc- 
tor element or a semiconductor element main body of a 
semiconductor device on the low defect density regions 
5 of the semiconductor thin film 40, it is possible to obtain 
the semiconductor element or the semiconductor device 
with an extremely high reliability. 
[0056] Next, another embodiment of the method of 
fabricating a semiconductor thin film according to the 
present invention will be described with reference to 
Figs. 1 1 A to 1 1 C and Figs. 1 2A and 1 2B. 
[0057] In this embodiment, a substrate 6 made from 
C-face sapphire is prepared, and a buffer layer 7 made 
from GaN is formed on a principal plane 6a of the sub- 
strate 6 to a thickness of 30 nm by the MOCVD method. 
In this MOCVD method, a substrate temperature is set 
at 520° C, and trimethyl gallium gas ((CH 3 ) 3 Ga) and am- 
monia gas (NH 3 ) are used as a source gas. An under- 
lying layer 12 made from GaN is flatly formed on the 
buffer layer 7 to a thickness of 2 urn by the MOCVD 
method. In this MOCVD method, a substrate tempera- 
ture is set at 1 050° C, and the same source gas as that 
used for forming the buffer layer 7 is used. 
[0058] The buffer layer 7, which is a crystal layer near 
an amorphous layer grown at the low temperature, acts 
as nuclei for growing the underlying layer 12. The un- 
derlying layer 1 2, made from crystals, has threading-dis- 
locations u d° extending in the stacked direction at a den- 
sity of about 1x10 9 /cm 2 . 

[0059] To form on the flat underlying layer 12 an un- 
derlying semiconductor layer in which facets are ar- 
ranged, as shown in Fig. 1 1 B, a mask 1 3 made from 
Si0 2 for selective growth of a semiconductor is formed 
on the flat underlying layer 12 to a thickness of 5 urn. 
The selective growth mask 13 has a pattern in which 
stripes extending in the <11 -20> direction are arranged 
in parallel to each other with a pitch of 1 2 jam (for exam- 
ple, width: 5 pm, interval: 7 urn) in the <1 -100> direction. 
[0060] To be more specific, the selective growth mask 
13 is formed by forming a Si0 2 layer on the entire sur- 
face of the underlying layer 12 at a substrate tempera- 
ture of 450° C by the CVD method; and patterning the 
Si0 2 layer by photolithography and pattern etching, that 
is, coating the Si0 2 layer with a photoresist, patterning 
the photoresist layer by pattern exposure and develop- 
ment, and selectively etching the Si0 2 layer using the 
patterned photoresist layer as an etching mask, to form 
stripe-shaped openings 13w. 

[0061] The resultant substrate, on which the selective 
growth mask 1 3 has been formed on the underlying lay- 
er 1 2, is cleaned by acetone (CH 3 COC H 3 ) and methanol 
(CH 3 OH), being dipped in diluted hydrochloric acid 
(HCI) or diluted hydrofluoric acid (HF) for about 10 sec, 
and is cleaned by pure water. Further, the substrate is 
sufficiently dipped in hydrofluoric acid (HF), to perfectly 
remove Si0 2 remaining on the surface of the underlying 
layer 12 exposed to the outside through the openings 



1 3w of the selective growth mask 1 3, and is cleaned by 
pure water. 

[0062] A high quality underlying semiconductor layer 
2 made from GaN is grown on the underlying layer 12 
5 exposed to the outside through the openings 1 3w using 
the selective growth mask 1 3 as a mask by the MOCVD 
method until the underlying semiconductor layer 2 cov- 
ers the mask 1 3. In the underlying semiconductor layer 
2, stripes 11 each having a triangular cross-section pe- 

io riodically extend in the <11-20> direction and facets 1, 
each being tilted at about 69° with respect to the C-face 
of the {1-101} faces, that is, to the disposition plane of 
the underlying semiconductor layer 2, are formed on 
both side surfaces of each stripe 11. In this MOCVD 

is method used for forming the underlying semiconductor 
layer 2, a substrate temperature is set at 1050° C, and 
ammonia gas and trimethyl gallium gas are used as a 
source gas. To be more specific, ammonia gas is al- 
lowed to flow at a flow rate being as slightly large as 

20 typically 1 0 l/min and trimethyl gallium gas is fed at such 
a flow rate that the film growth rate becomes about 4 
u.m/hr. Under such a condition, both the gases are al- 
lowed to react with each other at atmospheric pressure. 
[0063] The resultant substrate, on which the underly- 

25 ing semiconductor layer 2 has been formed on the un- 
derlying layer 1 2, is sufficiently dipped in hydrofluoric ac- 
id (HF) to perfectly remove the selective growth mask 
1 3 by etching. After that, the substrate is cleaned by ac- 
etone (CH 3 COCH 3 ) and methanol (CH 3 OH), being 

30 dipped in diluted hydrochloric acid (HCI) or diluted hy- 
drofluoric acid (HF) for about 10 sec, and is cleaned by 
pure water. 

[0064] A selectively grown/buried semiconductor lay- 
er 3 made from high quality GaN is selectively grown on 

35 the underlying semiconductor layer 2 in which the facets 
1 are arranged by the MOCVD method. In this MOCVD 
method, a substrate temperature is set at 1050' C, and 
ammonia gas and trimethyl gallium gas are used as a 
source gas. To be more specific, ammonia gas is al- 

40 lowed to flow at a flow rate being as slightly large as 
typically 1 0 l/min and trimethyl gallium gas is fed at such 
a flow rate that the film growth rate becomes about 4 
u.m/hr. Under such a condition, both the gases are al- 
lowed to react with each other at atmospheric pressure. 

45 in such a MOCVD method, GaN is selectively grown 
from the facets 1 in the lateral direction, that is, in the 
<11-20> direction along the disposition plane of the un- 
derlying semiconductor layer 2. By continuing the selec- 
tive growth, the portions of GaN grown from the opposed 

so facets 1 collide into each other, to bury grooves 10 be- 
tween the stripes 11, and by further continuing the se- 
lective growth, GaN is grown in the direction perpendic- 
ular to the disposition plane of the underlying semicon- 
ductor layer 2. In this way, the selectively grown/buried 

55 semiconductor layer 3 made from GaN and having a flat 
surface is formed to entirely cover the underlying sem- 
iconductor layer 2. 

[0065] Even in this embodiment, as a result of observ- 
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ing the selectively grown/buried semiconductor layer 3 
by the transmission electron microscope, it was con- 
firmed that threading-dislocations "d" are bent at the fac- 
ets 1. To be more specific, at the stage of selective 
growth of GaN for forming the selectively grown/buried 
semiconductor layer 3, until the portions of GaN grown 
from the opposed facets 1 collide with each other, the 
dislocations "d u passing through the underlying semi- 
conductor layer 12 in the direction substantially perpen- 
dicular to the c-axis are bent at the facets 1 , and extend 
not in the vertical direction but in the horizontal direction 
substantially along the disposition plane of the underly- 
ing semiconductor layer 2. Then, as described with ref- 
erence to Fig. 10B, when the portions of GaN grown 
from the opposed facets 1 collide with each other, the 
dislocations "d" extending from the opposed facets 1 are 
joined to each other and are partially bent, and extend 
upwardly in the direction crossing the disposition plane 
of the underlying semiconductor layer 2, that is, in the 
stacked direction. As a result, the defect density in the 
selectively grown/buried semiconductor layer 3 is re- 
duced to 1 x 1 0 7 /cm 2 . 

[0066] Accordingly, in the selectively grown/buried 
semiconductor layer 3, high defect density regions 4 
having the threading-dislocations at a high density occur 
at the joined portions of the threading-dislocations; how- 
ever, low defect density regions 5 having the disloca- 
tions at a low density are formed at the remaining por- 
tions. 

[0067] Since the selectively grown/buried semicon- 
ductor layer 3 thus formed is in direct-contact with the 
underlying semiconductor layer 2 with any mask made 
from Si0 2 layer or the like for selective growth not put 
therebetween, a deviation in c-axis between the selec- 
tively grown/buried semiconductor layer 3 and the sub- 
strate 6 is in a range of 1 ° or less. 
[0068] According to the fabrication method in this em- 
bodiment, since the low defect density regions 5 having 
the dislocations at a low density are formed and the de- 
viation in crystal orientation is suppressed, a semicon- 
ductor thin film 40 including the selectively grown/buried 
semiconductor layer 3 having an extremely high quality 
can be formed. Accordingly, by providing a semiconduc- 
tor element or a semiconductor element main body of a 
semiconductor device on the low defect density regions 
5 of the semiconductor thin film 40, it is possible to obtain 
the semiconductor element or the semiconductor device 
with an extremely high reliability. 
[0069] A semiconductor element of the present inven- 
tion can be fabricated by using the semiconductor thin 
film 40 in each of the above-described embodiments 
shown in Figs. 1 to 8. 

[0070] Fig. 1 3 is a schematic sectional view of a sem- 
iconductor light emitting element as one embodiment of 
the semiconductor element of the present invention. In 
this embodiment, the semiconductor light emitting ele- 
ment is configured as a SCH (Separate Confinement 
Heterostructure) type semiconductor laser which has a 



semiconductor laser element main body formed on the 
semiconductor thin film 40 shown in Fig. 2 or which is 
formed as the semiconductor layer 8 of the semiconduc- 
tor thin film 40 shown in Fig. 6. 
5 [0071] In Fig. 1 3, parts corresponding to those in Figs. 

2 and 6 are designated by the same characters and the 
overlapped explanation is omitted. In this embodiment, 
a first contacting layer 21 , a first cladding layer 22, and 
a first guiding layer 23, each of which is of a first con- 

10 duction type, for example, n-type, are epitaxially grown 
in sequence on the selectively grown/buried semicon- 
ductor layer 3. Then, an active layer 24 and a deterio- 
ration preventive layer 25, and further a second guiding 
layer 26, a second cladding layer 27, and a second con- 
's tacting layer 28, each of which is of a second conduction 
type, for example p-type, are sequentially stacked on 
the first guiding layer 23. 

[0072] An insulating layer 29 made from Si0 2 is 
formed on the second contacting layer 28. 

20 [0073] These layers thus epitaxially grown are partial- 
ly etched from the insulating layer 29 side until the first 
contacting layer 21 is exposed, to form an etching 
groove, and a first electrode 31 is formed in ohmic con- 
tact with the exposed portion of the first contacting layer 

25 21 . A second electrode 32 is formed in ohmic contact 
with the stripe shaped exposed portion of the second 
contacting layer 28 through a stripe shaped opening 
29w which is formed in the insulating layer 29 in such a 
manner as to extend in the direction perpendicular to 

30 the paper plane in Fig. 13, that is, along the extending 
direction of the facets 1 or stripe 1 1 of the semiconductor 
thin film 40. 

[0074] Next, one embodiment of a method of fabricat- 
ing the above semiconductor element configured as the 

35 semiconductor laser element according to the present 
invention will be described. In accordance with the same 
method as that described with reference to Figs. 9A to 
9C and Figs. 10A and 10B, an underlying semiconduc- 
tor layer 2 in which facets 1 are arranged, and a selec- 

40 tively grown/buried semiconductor layer 3 are formed 
on a substrate 6 via a buffer layer 7. Then, a first con- 
tacting layer 21 made from n-type GaN doped with Si 
and having a thickness of 2 jam, a first cladding layer 22 
made from n-type AIGaN alloy crystal doped with Si and 

45 having a thickness of 0.5 ujti, and a first guiding layer 
23 made from n-type GaN doped with Si having a thick- 
ness of 0.1 [im are epitaxially grown in sequence on the 
flat surface of the selectively grown/buried semiconduc- 
tor layer 3. 

so [0075] An active layer 24 having a multi-quantum well 
structure of a quantum well layer having a thickness of 

3 nm, a barrier layer having a thickness of 4 nm, and a 
GalnN alloy crystal layer having a thickness of 4 nm is 
expitaxially grown on the first guiding layer 23. 

55 [0076] A deterioration preventive layer 25 made from 
AIGaN and having a thickness of 20 nm is epitaxially 
grown on the active layer 24. Then, a second guiding 
layer 26 made from p-type GaN doped with a p-type im- 
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purity, Mg and having a thickness of 0.1 jam, a second 
cladding layer 27 made from p-type AIGaN alloy crystal 
and having a thickness of 0.5 jam, and a second con- 
tacting layer 28 made from p-type GaN alloy crystal and 
having a thickness of 0.5 jam are epitaxially grown in 
sequence on the deterioration preventive layer 25. 
[0077] In the epitaxial growth of the above semicon- 
ductor layers 21 to 28, a substrate temperature is set in 
a range of 800 to 1000° C; and trimethy aluminum gas 
((CH 3 ) 3 AI) is used as a source gas for aluminum, trime- 
thyl gallium gas ((CH 3 ) 3 Ga) is used as a source gas for 
gallium, ammonia gas (NH 3 ) is used as a source gas for 
nitrogen, silane gas (SiH 4 ) is used as a source gas for 
silicon, and bis(methylcyclopentadienyl)magnesium 
gas (MeCp 2 Mg) or bis(cyclopentadienyl)magnesium 
gas (Cp 2 Mg) is used as a source gas for magnesium. 
[0078] The insulating layer 29 is formed by the CVD 
method, and the stripe shaped opening 29w is formed 
in the insulating layer 29 by photolithography and pat- 
tern etching. 

[0079] In this embodiment, the second electrode 32 
is formed in ohmic contact with the contacting layer 28 
through the opening 29w; however, it can be formed by 
a lift-off method. In this case, a photoresist layer having 
a pattern covering a portion other than electrode forming 
portion is formed by photolithography; Ni and Au are se- 
quentially vapor-deposited over the entire surface; and 
the patterned resist layer is lifted-off , that is, removed to 
thereby remove Ni and Au vapor-deposited on the pat- 
terned resist layer. In this way, the second electrode 32 
made from Ni and Au is formed. 
[0080] At a portion of the stacked layers on which a 
first electrode 31 is to be formed, the insulating layer 29, 
the contacting layer 28, the second cladding layer 27, 
the second guiding layer 26, the deterioration preventive 
layer 25, the active layer 24, the first guiding layer 23, 
and the first cladding layer 22 are selectively removed 
in sequence. Then, Ti, Al and Au are selectively vapor- 
deposited in sequence on the exposed portion of the n- 
type contacting layer 21 , to form a first electrode 31 . 
[0081] In the semiconductor layers 21 to 28 thus epi- 
taxially grown, the density of th reading-dislocations is 
extremely low because the density of the threading-dis- 
locations in the selectively grown/buried semiconductor 
layer 3 is extremely low as described above, and partic- 
ularly, low defect density regions are formed over the 
low defect density regions 5 shown in Figs. 2 or 6, and 
accordingly, in this embodiment, a laser resonator is 
formed at a position over the low defect density region, 
that is, substantially over the stripe 11. 
[0082] To be more specific, in this embodiment, a cur- 
rent injection region is restrictively formed in the active 
region 24 at a position under the contact portion of the 
second electrode 32 with the contacting layer 28 
through the stripe shaped opening 29w, to form a laser 
resonator thereat. Accordingly, the opening 29w of the 
insulating layer 29 equivalent to the contact portion of 
the second electrode 32 with the contacting layer 28 is 



formed over the stripe 11 . 

[0083] After formation of the electrodes 31 and 32, the 
semiconductor element is cut by cleavage to set the 
length of the laser resonator to a specific value. The cut 
5 planes form mirror-surfaces constituting end planes of 
the resonator. 

[0084] In the semiconductor laser having the above 
configuration, when a current is carried in the forward 
direction between the first and second electrodes 31 
10 and 32, it flows in the active layer 24, with a result that 
light emission occurs by recombination of electrons and 
positive holes. 

[0085] Since at least the operational portion of the 
semiconductor light emitting element, that is, the semi- 

1$ conductor laser in this embodiment is formed in the re- 
gion having th reading -dislocations at a low density and 
also occurrence of the deviation in crystal orientation is 
avoided, it is possible to reduce a threshold current and 
a drive voltage, and hence to moderate the deterioration 

20 of the characteristics caused by the increased threshold 
current and drive voltage. As a result, the life time of the 
semiconductor laser in this embodiment can be pro- 
longed. 

[0086] Fig. 1 4 is a schematic sectional view of another 

25 embodiment of the semiconductor element of the 
present invention. In this embodiment, the semiconduc- 
tor element is configured as a semiconductor laser hav- 
ing the SCH structure which is formed on the semicon- 
ductor thin film 40 of the present invention shown in each 

30 of Figs. 3 and 7. 

[0087] In this embodiment, the semiconductor thin 
film 40 of the semiconductor laser may be fabrication in 
the same manner as that described with reference to 
Figs. 1 1 A to 1 1 C and 1 2A and 1 2B; and a semiconductor 

35 laser main body of the semiconductor laser may be of 
the same structure as that described with reference to 
Fig. 13 and the fabrication method thereof may be also 
the same as that described with reference to Fig. 13. 
[0088] In Fig. 1 4, parts corresponding to those in Figs. 

40 3, 7 and 1 3 are designated by the same characters and 
the overlapped explanation thereof is omitted. 
[0089] Even in this embodiment, like the semiconduc- 
tor laser shown in Fig. 1 3, since at least the operational 
portion is formed in a region having threading-disloca- 

45 tions at a low density and also occurrence of the devia- 
tion in crystal orientation is avoided, it is possible to re- 
duce a threshold current and a drive voltage, and hence 
to moderate the deterioration of the characteristics 
caused by the increased threshold current and drive 

50 voltage. As a result, the life time of the semiconductor 
laser in this embodiment can be prolonged. 
[0090] It should be noted that the present invention is 
not limited to the above-described embodiments, and it 
is to be understood that various variations may be made - 

55 without departing from the technical thought of the 
present invention. For example, in the case of forming 
the stripes 11, that is, the facets 1 by selective growth 
in accordance with the steps shown in Figs. 1 1 A to 1 1 C, 
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by selecting the extending direction of the stripes 11 to 
the <1-100> direction, the facets 1 each being tilted at 
about 58° with respect to the C-face of the {1 1 -22} faces, 
that is : to the disposition plane of the underlying semi- 
conductor layer 2. In this way, the extending direction of 5 
the facets 1 , and accordingly, the extending direction of 
the high defect density regions 4 and the low defect den- 
sity regions 5 can be selected to any one of directions 
along various crystal axes. 

[0091 ] With respect to each of the semiconductor lay- 10 
ers 21 to 28 shown in Figs. 13 and 14, the conduction 
type may be reversed to that described above, and the 
composition may be different from that described above. 
That is to say, the present invention can be applied to 
the semiconductor element in which the above-de- 'S 
scribed semiconductor layers are made from other suit- 
able semiconductors. 

[0092] According to the present invention, however, it 
is particularly effective that each of the semiconductor 
layers is made from a compound semiconductor com- 20 
posed of a group III nitride containing nitrogen (N) and 
at least one kind of group III element selected from a 
group consisting of Al, Ga, B and In. 
[0093] While the semiconductor laser in each of the 
above embodiments has the SCH structure in which the 2s 
first and second guiding layers 23 and 26 are disposed 
with the active layer 24 put therebetween, the present 
invention can be applied to a semiconductor light emit- 
ting element, such as a semiconductor laser or a light 
emitting diode, which has a different structure such as 20 
a DH (Double Hetero) structure with no guiding layers. 
[0094] The semiconductor element of the present in- 
vention is not limited to the semiconductor light emitting 
element but may be another element such as a FET 
(Field Effect Transistor). 35 
[0095] A semiconductor device of the present inven- 
tion can be configured as a single semiconductor device 
having the above -described semiconductor element or 
an integrated circuit system in which a plurality of sem- 
iconductor elements are formed on a common semicon- *o 
ductor thin film fabricated in accordance with the present 
invention. 

[0096] In this case, each of the semiconductor thin 
films shown in Figs. 1 to 8 may be fabricated in accord- 
ance with each of the methods described with reference 45 
to Figs. 9A to 12B, and each of the semiconductor ele- 
ments such as semiconductor light emitting elements 
having the structures shown in Figs. 1 3 and 1 4 may be 
fabricated in accordance with each of the methods de- 
scribed with reference to Figs. 1 3 and 1 4. so 
[0097] By using the semiconductor thin film or the 
semiconductor element described above, it is possible 
to fabricate a semiconductor device having excellent 
characteristics. 

[0098] In fabricating a semiconductor integrated cir- 55 
cuit system, the facets 1 and accordingly the low defect 
density regions 5 in the common semiconductor thin film 
40 may be not necessarily arranged at equal intervals. 



[0099] Additionally, while each semiconductor layer 
may be grown by the MOCVD method or halide vapor- 
deposition method in the above embodiments, it may be 
grown by another vapor-deposition method such as a 
MBE (Molecular Beam Epitaxy) method. For example, 
the semiconductor layers 21 to 28 may be formed by the 
MBE method or the halide method. 
[01 00] As described above, in the semiconductor thin 
film, the semiconductor element, and the semiconductor 
device, and the fabrication methods thereof according 
to the present invention, since threading-dislocations 
are formed in the selectively grown/buried semiconduc- 
tor layer 3 in such a manner that each of the threading- 
dislocations bendingly extends from one of the facets 1 , 
being joined to another of the threading-dislocations ex- 
tending from the opposed one of the facets 1 along with 
epitaxial growth from the facets 1 , and bendingly ex- 
tends from the joined portion, it is possible to significant- 
ly reduce the defect density of at least an operational 
portion of the semiconductor element main body by dis- 
posing the operational region at a low defect density re- 
gion; and since the selectively grown/buried semicon- 
ductor layer 3 is grown not via the selective growth mask 
made from Si02 or the like, a deviation in crystal orien- 
tation can be suppressed at a value of 0.1° or less. As 
a result, according to the present invention, it is possible 
to provide a semiconductor thin film having a high qual- 
ity, and hence to provide a semiconductor element and 
a semiconductor device having good characteristics, 
high reliability and prolonged life time by using the sem- 
iconductor thin film. 



Claims 

1. A semiconductor thin film comprising: 

an underlying semiconductor layer (2) in which 
a plurality of facets (1) are arranged; and 
a selectively grown/buried semiconductor layer 
(3) formed to cover said underlying semicon- 
ductor layer (2); 

wherein said facets (1) are formed by planes 
tilted with respect to the disposition plane of said 
underlying semiconductor layer (21). 

2. A semiconductor thin film according to claim 1 , 
wherein threading-dislocations (d) are formed in 
said selectively grown/buried semiconductor layer 
(3) in such a manner that each of said threading- 
dislocations (d) bendingly extends from one of said 
facets (I) of said underlying semiconductor layer (2) 
in the direction substantially along the disposition 
plane of said underlying semiconductor layer (2), 
being joined to another of said threading-disloca- 
tions (d) bendingly extending from the opposed one 
of said facets (1), and bendingly extends from the 
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joined portion in the direction crossing said dispo- 
sition plane of said underlying semiconductor layer 
(2). 

3. A semiconductor thin film according to claim 1, 
wherein a deviation in crystal orientation between 
said underlying semiconductor layer (2) and said 
selectively grown/buried semiconductor layer is in 
a range of 0.1° or less. 

4. A semiconductor thin film according to claim 1 , fur- 
ther comprising: 

a compound semiconductor layer (8) made 
from a group III nitride containing nitrogen (N) and 
at least one kind of group III element selected from 
a group consisting of gallium (Ga), aluminum (Al), 
boron (B) and indium (In), said compound semicon- 
ductor layer (8) being formed on a substrate via said 
underlying semiconductor layer (2) and said selec- 
tively grown/buried semiconductor layer (3). 

5. A semiconductor thin film according to claim 4, 
wherein said selectively grown/buried semiconduc- 
tor layer (3) is made from a compound semiconduc- 
tor composed of a group III nitride containing gal- 
lium (Ga) and nitrogen (N). 

6. A semiconductor thin film according to claim 4, 
wherein said substrate (6) is made from sapphire. 

7. A semiconductor thin film according to claim 4, 
wherein said substrate (6) is made from silicon car- 
bide (SiC). 

8. A semiconductor thin film according to claim 4, 
wherein said substrate (6) is made from a single 
crystal of gallium nitride. 

9. A semiconductor thin film according to claim 8, 
wherein said underlying semiconductor layer (2) is 
directly formed on said substrate (6). 

10. A method of fabricating a semiconductor thin film, 
comprising the steps of: 

forming an underlying semiconductor layer (2) 
on a substrate (6) in such a manner that a plu- 
rality of facets (1) are arranged in the underly- 
ing semiconductor layer (2); and 
growing a selectively grown/buried semicon- 
ductor layer (3) in such a manner that the se- 
lectively grown/buried semiconductor layer (3) 
covers the underlying semiconductor layer (2); 

wherein the facets (1) are formed by planes 
tilted with respect to the disposition plane of the un- 
derlying semiconductor layer (2). 



11. A method of fabricating a semiconductor thin film, 
according to claim 1 0, wherein the underlying sem- 
iconductor layer (2) found on the substrate (6) by 
selective growth in such a manner that a plurality of 

5 facets are arranged in the underlying semiconduc- 
tor layer (2). 

12. A method of fabricating a semiconductor thin film 
according to claim 1 0 or claim 1 1 , wherein said step 

10 of forming the underlying semiconductor layer (2) is 
performed by reactive ion etching using a mask. 

13. A method of fabricating a semiconductor thin film 
according to claim 1 0 or claim 1 1 , wherein said step 

*5 of forming the underlying semiconductor layer (2) is 
performed by reactive ion etching using a mask 
made from silicon dioxide, silicon nitride, or alumi- 
num oxide. 

20 14. A method of fabricating a semiconductor thin film 
according to claim 1 0 or claim 1 1 , wherein said step 
of growing the selectively grown/buried semicon- 
ductor layer (3) comprises the step of: 

25 growing the selectively grown/buried semicon- 

ductor layer (3) from the facets ( 1 ) of the under- 
lying semiconductor layer (2) in the direction 
substantially along the disposition plane of the 
underlying semiconductor layer (2); 

30 whereby threading-dislocations are formed in 

the selectively grown/buried semiconductor 
layer (3) in such a manner that each of the 
threading-dislocations bendingly extends from 
one of the facets (1 ) of the underlying semicon- 

35 ductor layer (2) in the direction substantially 

along the disposition plane of the underlying 
semiconductor layer (2), being joined to anoth- 
er of the threading-dislocations bendingly ex- 
tending from the opposed one of the facets (1), 

40 and bendingly extends from the joined portion 

in the direction crossing the disposition plane 
of the underlying semiconductor layer (2). 

15. A method of fabricating a semiconductor thin film 
45 according to claim 1 0 or claim 1 1 , wherein a devia- 
tion in crystal orientation between the underlying 
semiconductor layer (2) and the selectively grown/ 
buried semiconductor layer (3) is in a range of 0.1° 
or less. 

50 

16. A method of fabricating a semiconductor thin film 
according to claim 1 0 or claim 1 1 , further comprising 
the step of: 

growing a compound semiconductor layer (8) 
55 on the selectively grown/buried semiconductor lay- 
er (3), the compound semiconductor layer (8) being 
made from a group III nitride containing nitrogen (N) 
and at least one kind of group III element selected 
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from a group consisting of gallium (Ga), aluminum 
(Al), boron (B), and indium (In). 

17. A method of fabricating a semiconductor thin film 
according to claim 10 or claim 11 , wherein the se- s 
lectively grown/buried semiconductor layer (3) is 
made from a compound semiconductor composed 

of a group III nitride containing gallium (Ga) and ni- 
trogen (N). 

10 

18. A method of fabricating a semiconductor thin film 
according to claim 1 0 or claim 1 1 , wherein said step 
of growing the selectively grown/buried semicon- 
ductor layer (3) is performed by a chemical vapor 
deposition method. is 

19. A method of fabricating a semiconductor thin film 
according to claim 10 or claim 11 , wherein the sub- 
strate (6) is made from sapphire. 

20 

20. A method of fabricating a semiconductor thin film 
according to claim 10 or claim 11 , wherein the sub- 
strate (6) is made from silicon carbide (SiC). 

21. A method of fabricating a semiconductor thin film 2S 
according to claim 10 or claim 11 , wherein the sub- 
strate (6) is made from a single crystal of gallium 
nitride. 

22. A method of fabricating a semiconductor thin film 30 
according to claim 10 or claim 11, wherein the un- 
derlying semiconductor layer (2) is directly formed 

on the substrate (6). 

23. A semiconductor element comprising: 35 

a semiconductor thin film including an underly- 
ing semiconductor layer (2) in which a plurality 
of facets (1) are arranged, and a selectively 
grown/buried semiconductor layer (3) formed *o 
to cover said underlying semiconductor layer 
(2); and 

a semiconductor element main body formed on 
said semiconductor thin film; 

45 

wherein said facets (1 ) are formed by planes 
tilted with respect to the disposition plane of said 
underlying semiconductor layer (2). 

24. A semiconductor element according to claim 23, so 
wherein threading-dislocations are formed in said 
selectively grown/buried semiconductor layer (3) in 
such a manner that each of said threading-disloca- 
tions bendingly extends from one of said facets (1) 

of said underlying semiconductor layer (2) in the di- 55 
rection substantially along the disposition plane of 
said underlying semiconductor layer (2), being 
joined to another of said threading-dislocations 



bendingly extending from the opposed one of said 
facets (1), and bendingly extends from the joined 
portion in the direction crossing said disposition 
plane of said underlying semiconductor layer (2). 

25. A semiconductor element according to claim 23, 
wherein a deviation in crystal orientation between 
said underlying semiconductor layer (2) and said 
selectively grown/buried semiconductor layer (3) is 
in a range of 0.1° or less. 

26. A semiconductor element according to claim 23, 
wherein said semiconductor thin film further in- 
cludes: 

a compound semiconductor layer (8) made 
from a group III nitride containing nitrogen (N) and 
at least one kind of group 111 element selected from 
a group consisting of gallium (Ga), aluminum (Al), 
boron (B) and indium (In), said compound semicon- 
ductor layer (8) being formed on a substrate via said 
underlying semiconductor layer (2) and said selec- 
tively grown/buried semiconductor layer (3). 

27. A semiconductor element according to claim 26, 
wherein said selectively grown/buried semiconduc- 
tor layer (3) is made from a compound semiconduc- 
tor composed of a group III nitride containing gal- 
lium (Ga) and nitrogen (N). 

28. A semiconductor element according to claim 26, 
wherein said substrate (6) is made from sapphire. 

29. A semiconductor element according to claim 26, 
wherein said substrate (6) is made from silicon car- 
bide (SiC). 

30. A semiconductor element according to claim 26, 
wherein said substrate (6) is made from a single 
crystal of gallium nitride. 

31. A semiconductor element according to claim 26, 
wherein said underlying semiconductor layer (2)is 
directly formed on said substrate (6). 

32. A method of fabricating a semiconductor element, 
comprising the steps of: 

forming an underlying semiconductor layer (2) 
on a substrate (6) in such a manner that a plu- 
rality of facets (1) are arranged in the underly- 
ing semiconductor layer (2); 
growing a selectively grown/buried semicon- 
ductor layer (3) in such a manner that the se- 
lectively grown/buried semiconductor layer (3) 
covers the underlying semiconductor layer (2); 
and 

forming a semiconductor main body; 
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wherein the facets (1) are formed by planes 
tilted with respect to the disposition plane of the un- 
derlying semiconductor layer (2). 

33. A method of fabricating a semiconductor element, 5 
according to claim 32, wherein the underlying sem- 
iconductor layer (2) is formed on the substrate (6) 

by selective growth in such a manner that a plurality 
of facets (1) are arranged in the underlying semi- 
conductor layer (2). 10 

34. A method of fabricating a semiconductor element 
according to claim 32 or claim 33, wherein said step 
of forming the underlying semiconductor layer (2) is 
performed by reactive ion etching using a mask. *5 

35. A method of fabricating a semiconductor element 
according to claim 32 or claim 33, wherein said step 
of forming the underlying semiconductor layer (2) is 
performed by reactive ion etching using a mask 20 
made from silicon dioxide, silicon nitride, or alumi- 
num oxide. 

36. A method of fabricating a semiconductor element 
according to claim 32 or claim 33, wherein said step 25 
of growing the selectively grown/buried semicon- 
ductor layer (3) comprises the step of: 

growing the selectively grown/buried semi- 
conductor layer (3) from the facets (1) of the under- 
lying semiconductor layer (2) in the direction sub- 30 
stantially along the disposition plane of the under- 
lying semiconductor layer (2); 

whereby threading-dislocations are formed in 
the selectively grown/buried semiconductor layer 
(3) in such a manner that each of the threading-dis- 35 
locations bendingly extends from one of the facets 
(1) of the underlying semiconductor layer (2) in the 
direction substantially along the disposition plane of 
the underlying semiconductor layer (2), being 
joined to another of the threading-dislocations *o 
bendingly extending from the opposed one of the 
facets (1), and bendingly extends from the joined 
portion in the direction crossing the disposition 
plane of the underlying semiconductor layer (2). 

45 

37. A method of fabricating a semiconductor element 
according to claim 32 or claim 33, wherein a devia- 
tion in crystal orientation between the underlying 
semiconductor layer (2) and the selectively grown/ 
buried semiconductor layer (33) is in a range of 0. 1 0 50 
or less. 

38. A method of fabricating a semiconductor element 
according to claim 32 or claim 33, further compris- 
ing the step of: ss 

growing a compound semiconductor layer (8) 
on the selectively grown/buried semiconductor lay- 
er (3), the compound semiconductor layer (8) being 



made from a group III nitride containing nitrogen (N) 
and at least one kind of group 111 element selected 
from a group consisting of gallium (Ga), aluminum 
(Al), boron (B), and indium (In). 

39. A method of fabricating a semiconductor element 
according to claim 32 or claim 33, wherein the se- 
lectively grown/buried semiconductor layer (3) is 
made from a compound semiconductor composed 
of a group III nitride containing gallium (Ga) and ni- 
trogen (N). 

40. A method of fabricating a semiconductor element 
according to claim 32 or claim 33, wherein said step 
of growing the selectively grown/buried semicon- 
ductor layer (3) is performed by a chemical vapor 
deposition method. 

41. A method of fabricating a semiconductor element 
according to claim 32 or claim 33, wherein the sub- 
strate (6) is made from sapphire. 

42. A method of fabricating a semiconductor element 
according to claim 32 or claim 33, wherein the sub- 
strate (6) is made from silicon carbide (SiC). 

43. A method of fabricating a semiconductor element 
according to claim 32 or claim 33, wherein the sub- 
strate (6) is made from a single crystal of gallium 
nitride. 

44. A method of fabricating a semiconductor element 
according to claim 32 or claim 33, wherein the un- 
derlying semiconductor layer (2) is directly formed 
on the substrate (6). 

45. A semiconductor device comprising: 

a semiconductor element including a semi- 
conductor thin film and a semiconductor element 
main body formed on the semiconductor thin film, 
the semiconductor thin film having an underlying 
semiconductor layer (2) in which a plurality of facets 
(1) are arranged and a selectively grown/buried 
semiconductor layer (3) formed to cover the under- 
lying semiconductor layer (2); 

wherein the facets (1) are formed by planes 
tilted with respect to the disposition plane of the un- 
derlying semiconductor layer (2). 

46. A semiconductor device according to claim 45, 
wherein threading-dislocations are formed in said 
selectively grown/buried semiconductor layer (3) in 
such a manner that each of said threading-disloca- 
tions bendingly extends from one of said facets (1 ) 
of said underlying semiconductor layer (2) in the di- 
rection substantially along the disposition plane of 
said underlying semiconductor layer (2), being 
joined to another of said threading-dislocations 



13 



25 



EP 1 005 068 A2 



bendingly extending from the opposed one of said 
facets (1), and bendingly extends from the joined 
portion in the direction crossing said disposition 
plane of said underlying semiconductor layer (2). 

5 

47. A method of fabricating a semiconductor device, 
comprising the steps of: 

forming an underlying semiconductor layer (2) 
on a substrate (6) in such a manner that a plu- 10 
rality of facets (1) are arranged in the underly- 
ing semiconductor layer (2), and growing a se- 
lectively grown/buried semiconductor layer (3) 
in such a manner that the selectively grown/ 
buried semiconductor layer (3) covers the un- is 
derlying semiconductor layer (2), to form a 
semiconductor thin film; and 
forming a semiconductor main body on the 
semiconductor thin film, to form a semiconduc- 
tor element; 20 

wherein the facets (1) are formed by planes 
tilted with respect to the disposition plane of the un- 
derlying semiconductor layer (2). 



48. A method of fabricating a semiconductor device, ac- 
cording to claim 47, wherein the underlying semi- 
conductor layer (2) is found on the substrate (6) by 
selective growth in such a manner that a plurality of 
facets (1) are arranged in the underlying semicon- 
ductor layer (2). 
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